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ABSTRACT 
__.- 

A r ev iew of  t h e  in ip lemen ta t ion  o f  t h e  Apol lo  S a t u r n  
Emergency D e t e c t i o n  System (EDS) i n  t h e  I n s t r u m e r t  Unit  ( I U )  was 
h e l d  by r e p r e s e n t a t i v e s  o f  MSC, MSFC, LTAA, IBM/Huntsv l l le  and 
MAS/Bellcomm a t  t h e  IBM FSD f a c i l i t y  i n  H u n t s v i l l e ,  Alabama, on 
September 1, 1 9 6 6 .  T h l s  memorandum s e r v e s  a.3 t h e  m i n u t e s  o f  t h e  
meet i n g  . 

Formal p r e s e n t a t i o n s  c o v e r e d  d e s c r i p t i o n s  o f  d e s i g n ,  manu- 
f a c t u r i n g ,  i n s p e c t i o n  and t e s t  s e q u e n c e s ,  ph i losophy  of  implementa-  
t i o n ,  c r - i t e r i a  f o r  major  EDS components ,  and problem areas,  e t c .  
Qu-es t ions ,  d l s c u s s i o n s ,  and o b s e r v a t i o n s  o f  t h e  EDS Review Team were 
f o c u s e d  u p o ~  a r e a s  where s i n g l e  p o i n t  f a i l u r e s  c o u l d  c a u s e  any 
i r o u b l e ,  as a r e s u l t  of  t h e  m e c h m i c a l  non- redundanc ies  found i n  
t h e  SIB a n d  S I V E  s t a g e s ,  s p e c i a l  a t t e n t i o n  was d i r e c t e d  towerd  t h e  
i m p l e m e n t a t i o n  or" the e l e c t r i c a l / m e c h a n i e a l  d e s i g n .  

Probiein areas  found were. 

1. Mechan ica l ly  non- redundant c o n n e c t o r s ,  c a b l e s ,  and 
o t h e r  components r e p r e s e n t  s i n g l e  f a i l u r e  polvl ts  o f  
( r e d u n d a n t )  e l e c t r i c a l  EDS f u n c t i o n s  i n  a number o f  
p l a c e s  i n  t h e  I U .  An MSFC a c t i o n  item h a s  b z e n  
g e n e r a t e d  p r e v i o u s l y ,  and a r e s u l t i n g  r e q u e s t  f o r  
E n g i n e e r i n g  Change P r o p o s a l s  ( E C P ' s )  f o r  c o r r e c t i o r  o f  
t h i s  problem has been s e n t  to t h e  c o n t r a c t o r .  

2 .  Two s i n g l e  e l e c t r i c a l  p a t h s  e a c h  i n  % h e  auto a b o r t  
i n h i b i t  c i r c u i t s .  ICBM p roposed  new p a r a l l e l  b r a n c h e s  
i n  e a c h  o f  t h e  c i r c u i t s  t o  p r o v i d e  r edundancy .  

D i s c u s s i o n  of problem ayeas, q u e s t i o n i n g  d u r i n g  t h e  r e v i e w ,  and  t h e  
i n s p e c t i o n  of t h e  hardware  r e v e a l e d  no ot '7er  s i g n i f i c a n t  p rob lems .  
O t h e r  problems th.at have been  found to d a t e  have been  a l l e v i a t e d  or 
are p r e s e n t l y  i n  t h e  p r o c e s s  of  g e t t i n g  c o r r e c t e d .  Good c a b l i n g  
l a y o u t  and  wirl-ng q u a l i t y  was o b s e r v e d  d u r i n g  t h e  i n s p e c t i o n  o f  t h e  
m a n u f a c t u r i n g ,  assembly ,  a.nd t e s t  areas .  
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A r e v i e w  of t h e  i m p l e m e n t a t i o n  o f  t h e  Apo l lo  S a t u r n  
Emergency D e t e c t i o n  System (EDS) i n  t h e  I n s t r u m e n t  Un i t  ( IU)  was 
h e l d  by r e p r e s e n t a t i v e s  o f  MSC, MSFC, N A A ,  IBM/Huntsvi l le  and 
MAS/Bellcomm a t  t h e  IBM FSD f a c i l i t y  i n  H u n t s v i l l e ,  Alabama, on 
September 1, 1966.  T h i s  memorandum s e r v e s  as the m i n u t e s  o f  
t h e  mee t ing .  The l i s t  of  a t t e n d e e s  i s  g i v e n  i n  Appendix A .  T h i s  
mee t ing  was t h e  f o u r t h  one o f  t h e  EDS i m p l e m e n t a t i o n  r e v i e w s  t h a t  
were i n i t i a t e d  a t  the r e q u e s t  o f  t h e  EDS s u b p a n e l  of  t h e  Apo l lo  
S a t u r n  E l e c t r i c a l  P a n e l .  The t h r e e  p r e v i o u s  reviews covered. t h e  
CSM,% SIB,%% and SIVB,S%% p o r t i o n s  of  t h e  EDS re spec t ive1 .y .  

Because o f  t h e  c r i t i c a l  interdep-end-ence o f  EDS c i r c u i t r y  
and components i n  v a r i o u s  s t a g e s  of  t h e  s p a c e  veh ic l . e ,  t h i s  s e t  of  
r e v i e w s  i s  i n t e n d e d  to c o v e r  the EDS, and r e l a t e d  i tems o f  i n t e r e s t  
i n  t h e  S a t u r n  PB v e h i c l e  s t a g e s  and Block I CSM's, w i t h  t h e  b a s i c  
o b j e c t i v e s  o f :  

1. I n s u r i n g  t h a t  t h e  i m p l e m e n t a t i o n  o f  t h e  i n t e g r a t e d .  
EDS p r o p e r l y  s u p p o r t s  t h e  des ig r ,  o b j e c t i v e s  o f  t h e  
sys tem,  as e x p r e s s e d  by i n t e r c e n t e r  p a n e l  document.  

2 .  V e r i f y i n g  t h a t  t h e  checkout  of t h e  e n t i r e  EDS i s  
a d e q u a t e  to e s t a b l i s h  readiness  f o r  f l i g h t .  

M r .  R .  E h r h a r d t ,  Manager o f  I U  E n g i n e e r i n g ,  IBM, opened 
t h e  m e e t i n g  w i t h  i n t r o d u - c t i o n s ,  and t h e  agenda  f o r  t h e  m e e t i n g .  
S u b s e q u e n t l y ,  a t w o- p a r t  p r e s e n t a t i o n  was g i v e n .  M r  J .  Vollmer 
cove red  T U  EDS d-esign i m p l e m e n t a t i o n ,  and M r .  A .  E r m a l i n s k i  gave  
a b r i e f  rundown 

Items 
as f o l l o w s :  

"Review of  
T. F.  L o e f f l e r ,  

o f  EDS checkou t  and  sys t ems  t e s t i n g .  

d i s c u s s e d  d u r i n g  and a f t e r  t h i s  p r e s e n t a t i o n  were 

CSM Emergency D e t e c t i o n  System a t  N A A ,  on J u l y  28 ,  
d a t e d  August 17, 1966  

%%Review of  SIB Emergency D e t e c t i o n  System a t  Chrysler-Michoud 

% % %  Review o f  S-IVB E w r g e n c y  Detec t i -on  System a t  Douglas  Aircraf t  

on August 20, 1 9 6 6 ,  T. 3'. L o e f f l e r ,  d a t e d  August 28,  i 9 6 6  

Crirp., hu i l t i ng ton  Baach, C a l i f . ,  on August 1 6 ,  T .F .  L o e f f l e r ,  d a t e d  
September 8,  1966  



1. 

2 .  

3. 

4.  

5. 

6 .  

7. 

I n f o r m a t i o n  f l o w  and sequence  o f  e v e n t s  from t h e  
t i m e  o f  r e c e i p t  of  I C D ' s  t h r o u g h  assembly ,  i n s p e c t i o n  
and f i n a l  t e s t  p h a s e s  o f  m a n u f a c t u r i n g  o f  I U  com- 
p o n e n t s  s u c h  as c a b l i n g ,  c o n t r o l  s i g n a l  p r o c e s s o r ,  
r a t e  g y r o s ,  e t c .  For  f u r t h e r  d e t a i l  see F i g u r e s  1- 4 
i n  Appendix B .  

P r i n c i p a l  e l e c t r i c a l  d e s i g n  r e q u i r e m e n t s  were s t a t e d  
f o r  t h e  f o l l o w i n g :  

P r i m a r y  Ba t te r ies :  80% of  f u l l  c a p a c i t y  
C a b l i n g  and  Wir ing:  50% o f  f u l l  c a p a c i t y ,  minimum 

C a b l i n g  V o l t a g e  Drop'  2 v o l t s  maximum 
Measur ing  Power Supply:  5v+o. - 1% 

wire gage - AWG 2 4  

I U  E l e c t r i c a l  System: The f u n c t i o n a l  b l o c k  diagram o f  
F i g u r e  5, Appendix B, was shown and  e x p l a i n e d .  

V o t i n g  r e l a y  and a s s o c i a t e d  c i r c u i t  d e s i g n  p h i l o s o p h y :  
The 9 i tems shown on F i g u r e  6 ,  Appendix B,  were d i s -  
c u s s e d .  

I U  EDS component desj-gn c r i t e r i a  were g i v e n  as: 

Rate Gyros .  T r i p l y  R e d m d a n t  
C o n t r o l  S i g n a l  P r o c e s s o r '  P a i r  & S p a r e  Redundancy 
EDS D i s t r i b u t o r :  a .  Manual a b o r t  - Redundant 

EDS T i m e r :  Backup Component ( f o r  I U  Swi tch  S e l e c t o r )  
b .  Auto Abort  - T r i p l y  Redundant 

I U  2 0 1  Problems and T h e i r  S o l u t i o n s :  I n  t h e  C o n t r o l  
S i g n a l  p r o c e s s o r  e x c e s s i v e  v e h i c l e  v i b r a t i o n  ( d u r i n g  
SA- 201) caused  n o i s y  s i g n a l  i n  t h e  g y r o  c i r c u i t s .  T h i s  
problem was s o l v e d  by i n s e r t i n g  a low p a s s  f i l t e r  i n t o  
t h e  c i r c u i t .  A harmonic d i s t o r t i o n  problem i n  t h e  r a t e  
gyro c i r c u i t s  was s o l v e d  by c h a n g i n g  of  s c a l e  f a c t o r s .  

S i n g l e  P o i n t  F a i l u r e  Problem Areas; There  i s  o n l y  a 
s i n g l e  c a b l e  (and c o n n e c t o r )  e a c h  l e a d i n g  from t h e  T U  
Ba t t e r i e s  to t h e  Power D i s t r i b u t o r ,  f rom t h e r e  to t h e  
A u x i l i a r y  Power D i s t r i b u t o r ,  and  t h e n  to t h e  EDS D i s -  
t r i b u t o r ,  as shown i n  F i g u r e s  g A  & B.  Proposed new 
c a b l e  b r a n c h e s  i n  p a r a l l e l  w i t h  t h e  p r e s e n t  o n e s  would 
p r o v i d e  t h e  d e s i r e d  redundancy.  

There  i s  o n l y  a s i n g l e  c o n n e c t o r  f o r  a l l  o u t p u t s  and 
power i n p u t s  e t c . ,  on t h e  r a t e  g y r o  package ,  which con- 
t a i n s  t h e  3 s e t s  of 3 r a t e  g y r o s .  The c a b l e  l e a d i n g  
f rom t h i s  u n i t  to t h e  I U  c o n t r o l  s j - g n a l  p r o c e s s o r  i s  
a l s o  non- redundant  a t  p r e s e n t .  
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I n  t h e  I U  C o n t r o l  D i s t r i b u t o r ,  t h e r e  i s  a s i n g l e  p a t h  
e a c h ,  i n  t h e  two " e x c e s s i v e  r a t e  i n h i b i t "  and t h e  "two- 
e n g i n e  out i n h i b i t "  c i r c u i t s ,  as shown i n  F i g u r e  10A. 
The p roposed  redundancy shown i n  F i g u r e  10B would p ro-  
v i d e  t h e  d e s i r e d  d u a l  p a t h s .  

A q u e s t i o n  was ra i sed  r e g a r d i n g  t h e  t y p e  and e x t e n t  o f  
i n s u l a t i o n  o f  t h e  6D95 Auto Abor t  Bus bar; i t  was 
a g r e e d  t h a t  a n  i n s u l a t i n g  c o a t i n g  would be  a p p l i e d  i n  
a l l  exposed  p l a c e s  to p r e v e n t  a c c i d e n t a l  c o n t a c t s  to 
t h e s e  bus  b a r s .  

M r .  W .  S h i e l d s  i n d i c a t e d  t h a t  MSFC h a s  i n i t i a t e d  a n  
o f f i c i a l  r e q u e s t  to t h e  r e s p e c t i v e  l a u n c h  v e h i c l e  s t a g e  
c o n t r a c t o r s  to assess t h e  e x t e n t  and  t h e  impact  upon 
AS- 204, of m o d i f i c a t i o n s  n e c e s s a r y  to a l l e v i a t e  con- 
d i t i o n s  o f  mechan ica l  non- redundancy of  v i t a l  EDS 
e l e c t r i c a l  c o n n e c t o r s ,  c a b l e s ,  and o t h e r  components.  

8 .  EDS Checkout and Systems T e s t i n g .  The sequence  o f  EDS 
checkou t  was g i v e n  as f o l l o w s .  

a .  Power d i s t r i b u t i o n  and  c o n t . r o l s  check;  buse's 
s e q u e n c i n g ,  e t c .  

b .  EDS Systems T e s t  100% e x e r c i s e  of  a l l  f u n c t i o n s  

e .  Rate Gyro T e s t s  Output  p a r a m e t e r s  v e r i f i e d  i n  
r e s p o n s e  to i n c r e m e n t a l  p u l s e d  t o r q u e  

d .  "SIM-PLUG", e l e c t r o m a g n e t i c  i n t e r f e r e n c e  

e .  "SIM-FLIGHT" ; comple te  s i m u l a t e d .  f l i g h t ,  w i t h  a 
"two- engine o u t  '' c o n d i t  i o n  s i m u l a t e d  a t  T + l O 5  s e e ,  
and e n g i n e s  r e s t a r t e d  a t  Tt.115 s e e .  

The EDS s y s t e m s  t e s t  c o n s t i t u t e s  t h e  " a c c e p t a n c e  t e s t s , "  
but i n  a d d i t i o n ,  a l l  t h e  t e s t s  are m o n i t o r e d  by t h e  
r e s p e c t i v e  cus tomer  i n s p e c t o r s .  The t e s t s  a re  p e r-  
formed w i t h  t h e  RCA-110 checkouk computer  i n  c o n j u n c t i o n  
w i t h  t h e  Auto T e s t  O p e r a t i o n  Launch Language (ATOLL) 
program, a l l  d i s c r e t e  i n p u t s  and  o u t p u t s  a re  record -ed ,  
and  t h e  "Pos t  E v e n t s  P r o c e s s o r "  compares t h e s e  to t h e  
p r g d i c t e d  v a l u e s .  If d i v e r g e n c e  from t h e  p r e d i c t e d  
e v e n t s  o c c u r s ,  i t  i s  f l a g g e d  and  t h e  r e a s o n  f o r  i t  i s  
i n v e s t i g a t e d  . 

, 

I n  c o n c l u s i o n  of  t h e  p r e s e n t a t i o n ,  M r .  E r m a l i n s k i  i n d i c a t e d  
t h a t  t h e  EDS d i s t r i b u t o r s  a r e  n o t  checked t h o r o u g h l y  enough p r i o r  
t o  t h e  t e s t  sequence ,  however,  t h i s  c o n d i t i o n  h a s  s i n c e  been  a l l e v i a t e d . .  
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S u b s e q u e n t l y ,  t h e  S a t u r n  V C o n t r o l  Room, and t h e n  t h e  
I U  component assembly  areas have been  v i s i t e d .  I n  t h e  "High-bay'' 
area I U  No.'s 205, 502, 503 and 206 were i n s p e c t e d  i n  v a r i o u s  
s t a g e s  o f  assembly  and t e s t ,  t he  p r e v i o u s l y  d i s c u s s e d  problem areas 
were p o i n t e d  out, and these  as w e l l  as a l l  o t h e r  EDS e l e m e n t s  were 
examined by t h e  EDS r e v i e w  team. 

The c a b l e  f a b r i c a t i o n  s h o p  areas were shown a t  t h e  end 
o f  t h e  t o u r .  C 8 r e f u l  workmanship w a s  a p p a r e n t  i n  both areas.  

I n  c o n c l u s i o n ,  Messrs. A .  Dennett/MSC, W. Shields/MSFC, 
H. Pringle/NAA, J .  Vollmer/IBM, J .  Cochran/MSFC and t h e  a u t h o r  
m e t  f o r  a c r i t i q u e  and r e v i e w  o f  t h e  f i n d i n g s  o f  t h e  EDS r e v i e w .  
The h i g h l i g h t s  of  t h e  summary  a re  g i v e n  below. 

SUMMA IIY 
\ 

Mechanica l  non- redundancy of ( r e d h n d a n t )  EDS f u n c t i o n s  ( i n  
c a b l e s ,  c o n n e c t o r s ,  e t c . )  e x i s t s  i n  a number o f  p l a c e s  on t h e  T U  
as d e s c r i b e d  e a r l i e r .  An MSFC a c t i o n  i t e m  h a s  been  g e n e r a t e d  t o  
c o r r e c t  t h i s  problem. A recommendation w i l l  be  made to ASEP f o r  
changes  of  a t  l e a s t  t h e  most v i t a l  c o n n e c t o r s  and c a b l e s  f o r  
AS-204 (and  s u b s e q u e n t ) .  R e q u e s t s  f o r  a s s e s s m e n t  o f  t h e  e x t e n t  
and  t h e  impact  upon AS-204 of m o d i f i c a t i o n s  i n  t h e  I U  ha.s been 
serit t o  IBM v i a  t h e  normal  c h a n n e l s .  

D i s c u s s i o n  o f  problem areas d u r i n g  t h e  m e e t i n g ,  and t h e  
i n s p e c t i o n  o f  t h e  hardware  r e v e a l e d  no s i g n i f i c a n t  problems o t h e r  
t h a n  t h e  p r e v i o u s l y  d i s c u s s e d  o n e s .  O t h e r  problems t h a t  have been  
found to date have been  a l l e v i a t e d ,  or are p r e s e n t l y  i n  t h e  p r o c e s s  
of  g e t t i n g  c o r y e c t e d .  With t h e  e x c e p t i o n  o f  t h e  p r e v i o u s l y  ment ioned  
mechanical/non-redundancy, t h e  hardware  i n s p e c t i o n  r e v e a l e d  g e n e r a l l y  
good c a b l i n g  l a y o u t  and w i r i n g  q u a l i t y .  

The p r e s e n t a t i o n  was v e r y  good, t h e  s l i d e s  augmented t h e  
p r e s e n t a t i o n  w e l l ,  and t h e  i d e n t i f y i n g  marks  on t h e  EDS p r i n t s  i n  
I U  H5O2 i n  t h e  High-Bay area were h e l p f u l  i n  l o c a t i n g  t h e  r e s p e c t i v e  
EDS components .  The IBM team was complimented f o r  good pe r fo rmance  
o f  t h e  IU EDS r e v i e w  p r e s e n t a t i o n .  

ORIGINAL SIGSED 
20 31-TFL-sam T.  F .  L o e f f l e r  

At tachments  
L i s t  o f  A t t e n d e e s  
F i g u r e s  1-103 

copy t o  
(See  n e x t  p a g e )  

J 



B EL LC O M M,  I N C .  - 5 -  

copy to 
Messrs. L. E. Day - NASA/MAT 

J. L. Holcomb - NASA/MAO 
T. A. Keegan - NASA/MA-2 
M. L. Seccomb - NASA/MAP 
J, H. Turnock - NASA/MA-4 
G. C. White, Jr. - NASA/MAT 
W. J. Willoughby - NASA/MAR 
A. Cohen - MSC/PD4 
A. Dennett - MSC/PD4 
E. B. Hamblett - MSC/PD2 
S. C. Jones - MSC/PD4 
J. L. Cochran - MSFC/I-I/ZB-E 
H. J. Fichtner - MSFC/R-ASTR-E 
W. G. Shields - MSFC/R-ASTR-E 
F. E. Vreuls - MSFC/I-I/IB-E 
L. C. Woods - MSFC/R-ASTR-E 
D. C. Moja - KSC/LV-22 
C. Bidgood 
D. R. Hagner 
W. C. Hittinger 
B. T. Howard 
P. R. Knaff 
J. Z. Menard 
I. D. Nehama 
T. L. Powers 
M. M. Purdy 
I. M. Ross 
T. H. Thompson 
G. B. Troussoff 
R. L. Wagner 

Central Files 
Department 1023 
Department 2031 
Library 



B E L L C O M M  11\16 

NAME 

T. F. Loeffler 

R. A. Warren, Jr. 

L. E. Stumbough 

H. D. Thompson 

A. Ermalinski 

A. H. Toman 

J. L. Cochran 

W. G. Shields 

A. Dennett 

H. Pringle 

R. Ehrhardt, Jr. 

J .  L. Cahalan 

J. B. Vollmer 

A. B. Adkins 

M. P. Waligora 

APPENDIX A 

ATTENDEES AT IU EDS REVIEW MEETING 

September 1, 1966 

ORGANIZATION 

MSF-MAS/Bellcomm 

IBM-Elec. System 

IBM EDS System 

IBM EDS System 

269-8538 

837-4000 

IBM System Test X2070 

IBM Cont. Equip. Engng. X2151 

MSFC I-I/IB-E 876-911 3 

MSFC/A-ASTR-EA 876-5321 

MSC PD5 HU 3-51 2 1 

NAA EDS Systems Engineering 92 3-811 1 
X3441/2 

X2342 
IBM Mgr. of IU Engineering 837-4000 

IBM Mgr. IB Electrical Systems Des. x2018 

IBM Mgr. V Electrical Systems Des. x2028 

IBM Reliability Analysis X2835 

IBM Quality Test Manager x2539 



APPENDIX B 

- -1 
C R I T I C A L  
DESIGN 
R E V I t t i  I 
IBM 5 
R ASTR-EA 

-- 1 

NASA 

PREPARE IC0 S 

ELECTRICAL SYSTEMS 

I TRANSr'ER OESIGI:  TO 

2 CHEEK DESIGN 

IU ELECTRICAL YhE>!A1 ICs 

ELECTRICAL  SYSTC:!S 

I PPEPArlE CABLE Ah0 DJST2IEL'TCR 
11% LISTS 

-I---- 
$ -L- -- 

RECORDS 

SYSTEH I N T k G R A T I O N  
A U D I T  SCVEWBTICS 
AND I C D ' S  

I 

! 

FIGURE 1 

?' 



A- 
I. 

E 
a 

-1 





u 

3 
0 

--1 
. . I ~  .. . _ _  ... . _.. 



>>-- f 

I 

r. 
I 
1 
I 
f 
1 
I 
I 

\ 

/ 
e ..- 

1 

-----=I 

SG 1 

CT 
a 0  
zt- 
- 3  E r n  . 
3 - I-------- 

/ WDS 

-.- - 

--a I 
1 



1 

2 

3 
Y 

5 

6 

CORRECT 
v 

”l 

F I G U R E  6 
SOURCE 



EDS - I U  COMWNENYS D E S l G N  CRITERIA 

Rate Gyros - Triple redunciant 

Control S ig n a I P r oces SOT - Pair & Spare Redundancy  

ED S D i st r i b ut or - Auto Ab01-t 
Triple Redundant  
Manua l  Abort  - Redundant  

EDS Timer - B,xi tup  Component 

FIGURE 7 
3 



d 

IU 201 PROBLEM AREAS 

Control Signal Processor 

Problem - High vehicle vibration 

Solution - Add low pass filter 

Rate Gyros 

Problem 

Sol u-tion 

- War moil ic distortion 

- Change scale factor 

FIGURE 8 



C_I. YI_- e-- NEW CABLE BRAHCHES 

PRESEHT SUPPLY TO EDS 

C A B L E  602V142 OY 502 

* 

* *  

FIGURE gA 



y--- 

w 
(3 
1- 

t- 
CI) 

a 
- 

_ . -  

+ED9 I 

+6D3 I 

- -I- f; -A- - - -A- - -- - - 

I 1 I >-- 

\ ----i-- \ 

J F I G U R E  9B 



Y P 

t r- - --I 
I- 

o =  
;5 
LLI 

t-CJ 

N 

0 -  I 

21 
I 
t- - -7 

I 
I I 

I 
t- - 

4 

p-0-J * - 1  

r J! 

0 -- 00 

I I 

N 

t- 

, 



N C-J 

u 
x o  
w e-4 

3 
d 

k- - 

a 
0 
r i  

i 


